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1. Motivation (beyond 1D Bean’s model)

1.1. Experimental scenario 70’s . . . 90’s: rotation
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1.2. Recent experimental issues: more on crossing
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2. Contents

• Variational statement of the critical state

→ MQS approximation for conductors

→ Critical state conduction law

• Results: double critical state model

→ T(transverse) vortex shaking

→ T states vs CT states

→ smooth DCSM

• Conclusions
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3. Variational statement

3.1. MQS approximation for conductors

Minimize C ≡ µ0

2

∫
IR3

‖ ~Hn+1 − ~Hn‖2 +
∆t

2

∫
Ω

∫ J

0
E(J)

m

Min

∫
Ω

∫
Ω

[
~Jn+1(~x) · ~Jn+1 (~x ′)

‖~x− ~x ′‖
− 2

~Jn(~x) · ~Jn+1 (~x ′)

‖~x− ~x ′‖

]

+
8π

µ0

∫
Ω

(
~Ae,n+1 − ~A rme,n

)
· ~Jn+1 +

4π∆t

µ0

∫
Ω

∫ J

0
E(J)
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3.2. Critical state conduction law

Min

∫
Ω

∫
Ω

[
~Jn+1(~x) · ~Jn+1 (~x ′)

‖~x− ~x ′‖
− 2

~Jn(~x) · ~Jn+1 (~x ′)

‖~x− ~x ′‖

]
+

8π

µ0

∫
Ω

(
~Ae,n+1 − ~Ae,n

)
· ~Jn+1

for ‖ ~J‖ ≤ Jc (1D)

⇓

~J ∈ ∂∆

GENERAL CRITICAL state
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3.3. Numerical statement

Discretize by current layers

ξ` ≡ Jx,` δ

ψ` ≡ Jy,` δ

⇒
hx,` = δ

(∑
m>`

ψm + ψ`/2

)

hy,` = δ

(∑
m>`

ξm + ξ`/2

)
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Discretized variational principle

Min
1

2

∑
i,j

ξi,n+1M
x
ij ξj,n+1 −

∑
i,j

ξi,nM
x
ij ξj,n+1

+
1

2

∑
i,j

ψi,n+1M
y
ij ψj,n+1 −

∑
i,j

ψi,nM
y
ij ψj,n+1

+ µ0
∑

i ξi,n+1(hx0,n+1 − hx0,n)

+ µ0
∑

i ψi,n+1(hy0,n+1 − hy0,n)

for (1− h2
x,i)ξ

2
i + (1− h2

y,i)ψ
2
i − 2hx,ihy,i ξiψi ≤ j2

c⊥

and h2
x,i ξ

2
i + h2

y,i ψ
2
i + 2hx,ihy,i ξiψi ≤ j2

c‖

Mx
ij = M y

ij ≡ 1 + 2 [min {i, j}]

Mx
ii = M y

ii ≡ 2

(
1

4
+ i− 1

)
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4. Results

4.1. ”T” vortex shaking in thick strips (Luzuriaga 2009)
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4.2. ”T” states vs ”CT” states (submitted)

T states (vs Brandt 2007)
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4.3. Smoothing of the CS model (submitted)

0 1 2 3 4 5 6 7 8
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

 

M x   Jc II
2  Model

  
   1.0    Rectangular
   2.0    Rectangular
   3.0    Rectangular
   1.0    Superelliptic
   2.0    Superelliptic
   3.0    Superelliptic
   1.0    Elliptic
   2.0    Elliptic
   3.0    Elliptic

M y   Jc II
2  Model

   
   1.0    Rectangular
   2.0    Rectangular
   3.0    Rectangular
   1.0    Superelliptic
   2.0    Superelliptic
   3.0    Superelliptic
   1.0    Elliptic
   2.0    Elliptic
   3.0    Elliptic

 

 M
x 

, M
y

Hx
 
 0=1.1 ; Hz

 
 0=1.5

Diamagnetic

M x 

M y

 M
x 

, M
y

Paramagnetic

 H y0

 

M x

M y

http://fmc.unizar.es/people/anabadia


Motivation

Contents

• Variational statement

• Results: DCSM

• Conclusions

Title

JJ II

J I

Page 12 of 12

Back

Full Screen

Close

Quit

Home Page

5. Conclusions

• The General Critical State problem in type-II super-
conductivity may be posed as a quadratic minimiza-
tion problem.

• The variational statement admits a numerical treat-
ment that can incorporate 3D effects for realistic con-
duction laws ~J ∈ ∆, related to the vortex interactions
(flux pinning and cutting).

• The relative importance and interplay of flux depin-
ning and flux cutting losses is quantified through the
influence of the region ∆ on the magnetic properties
of the superconductor.
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